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(57) A novel method for treating undesired hyper- 
proliferative tissue in a mammal. The method includes 
the steps of: injecting the mammal with a photodynamic 
compound having a selective uptake in the hyperprolif- 
erative tissue and which is activated at a particular light 
frequency; injecting the mammal with a xanthenone- 
4-acetic acid or a Group I metal, Group II metal or qua- 
ternary salt thereof near the time of maximum uptake of 
the photodynamic compound in the hyperproliferative 
tissue; and exposing the hyperproliferative tissue to light 



at the particular frequency that activates the photody- 
namic compound. The method of the invention causes 
necrosis of the hyperproliferative tissue to an extent 
greater than can be obtained by either the photodynam- 
ic compound or xanthenone-4-acetic acid alone. Further 
and surprisingly the method enhances immune re- 
sponse of the mammal to the hyperproliferative tissue 
even after the photodynamic compound and xanthe- 
none-4-acetic acid are no longer present in the mam- 
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Description 

BACKGROUND OF THE INVENTION 

[0001 1 J This invention was made with support by Grant 
Number CA 55791 from The Nationai Cancer institute 
The U.S. Government may have certain rights in this in- 
vention. 

[0002] This invention relates to a method for treat- 
ment of hyperproliferative tissues, such as tumors and 
hyperproliferative blood vessel, e.g. those assorted 
with age related macular degeneration (AMD), using 
photodynam,c methods. Certain photodynamic com 
rill«' "?■ ?? rphyrin r6la,ed COf "P°«nds such as de- 
rivatives of chlorins, bacteriochlorins and hematopor- 
phynns such as porfimer sodium compounds, when sta- 

hlj T V K e , USed f ° r ,hSt pUrpose - These compounds 
have the ability to preferentially collect in hyperprolifer 

^ im ° a " °^nism P anTo ab- 

sorb light to cause reduction in growth of the tissue, such 
as by ,ts destruction. Such reduction in growth of hyper- 
SH- K 6 T UB USin9 P hotod ynamic compounds is 
Sol TT 6 , 10 h6rein 33 P hot ^yn^ic therapy. 

tumors m a the ' reatment of various of solid 
comoonn?? POrPh/rinS rS,ated P h °t°^nsitive 
compounds demonstrate the ability to selectively accu- 
mulate in neoplastic tissue after intravenous injection 

of .hfr?" ,ISSUe ,0 P hotoi ™<*ation. Activation 
of the photosensitive agent by visible light, delivered by 
a laser through fiber optics, results in the generation of 
cytotoxic agents. ., is currently accepted that Tpro 
duction of s.nglet oxygen, formed from molecular oxv- 
lZ'l°TV, r ° m molecular ox Vgen by the transfer of 
energy directly onndirectly from the activated photosen- 
f Z h '? reSP ° nSib,e for ,umor homeostasis and the ob- 
served tumor destruction 

E,r«n 0l f l0WinS ,f bSOrp,i0n ° f li9ht ' the Ph°t°sensi- 
tizer is transformed from its ground singlet state (P) into 
an electronically excited triplet state (3p« T ~ 10 -2 sec ) 
via a short-lived excited singlet state fp-' T lo-6 S ec 
The excited triplet can undergo non-radiative decay o 

substrates to form radicals and radical ions, which can 
produce singlet oxygen and superoxide (O,) after inter- 
key a gent reS p 0n s,ble for cellular and tissue damage in 
PDT, causing oxidation of the target tissue (T); there al- 
ronn« V , e " Ce tha ' "*«»"«'*» ion may be involved 
[0005 , n ■ 1 978, it was reported that a combination of 
hematoporphyrin derivatjve (HpD) an£j 
t,ve in causing partial or complete tumor necrosis in 1 1 1 
o 113 tumors ,n 25 patients. PDT with Photofrin®, a pu - 
nned H P D, has been approved in Canada for bladder 
and esophageal cancer; in the Netherlands and France 
pan e f^ nda f' anCeClS,a 9 eeso P^ ge alcancer;inJa 
pan for early stage lung, esophageal, gastric, and cer- 
vical cancer; and in the United States lor advanced 
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stage esophageal and lung cancers. More than 10 000 
patients worldwide have been treated with PDT for a 

ZcTT aCCSSSib,e ,0 ''^ includi "3 

lung, bladder, head and neck, breast, and esophagea 
cancers. PDT exerts its antitumor effect by several 
rnechamsms, e.g. direct toxicity to tumorcells, occlusion 
and dlssolutlo of , umor vascu|ature 

pIdT treated t ^ m0d6S °' ° Perati0n ' a of 
10 ! no 7 . ° rS ^ n0t CUred - Further P °T "as little 
or no effect upon metastatic lesions not exposed to lioh. 
n addition, known photodynamic compounds are Tn 

Lnhnn " a9a ' nSt tUm ° r C6,IS and * to 

enhance immune response of the organism to unde- 
..red hyperproliferative tissue. Therefore, photodynam- 

^T^Lri: effective ' is not as effec,ive as *LC 

rnnn 3 , ^ " ,m P rovina o^rall efficacy is needed 
[0006] Chemotherapy is used a) as adLant treat 
men. before and after local treatment for prima' X 

- t aim o, r dicatinQ occu,t m « ™ 

apeu.ic benefit unless the interaction be.ween the e - 
fects ,s tumorspecific. There has been a recent interest 
* in using bioiogica. response modifiers (BRM) astno e 
or adjuvant therapies against cancer. BRMs consist o^ 
a large number of molecules that may act to regulate 
vanous components of the immune response or' her 
defense mechanisms 
30 r»° 71 Thedevel °P me nt°' agents that can stimulate 
or augment the host's immune response against malio, 

th a era' D e v S T*™* *" apP '° aCh « ™™ 

herapy. Flavone-B-acetic acid (Fig. 1a) is a synthetic 

"avono^widelystudiedinthemid-lseOsthroughSs 
IT ,0 ,rea ' S0 "' d tUm0rS ' FAA exe "* to antitu- 
cular supply. For example various investigators, using 
dye perfusion, NMR, RbCI-uptake and ^clearance 
techniques, have shown tha. FAA causes reduction in 

JTh? h "° W Lin ' e " "° a,teration in "°™> Sue 
blood flow has been observed. While FAA shows ,„ vZ 
activity against a number of tumor cell lines in vivo ef 
fects, pnrnaniy Hemorrhagic tumor necrosis are similar 
o those described following treatment with TNF FAA 
induces natural killer cell activity in spleen and other. £ 
sues. A comparison of in vitro and in vivo studies using 
mod^f ,Sl "? 9CarCin ° r,las,ra ' 1 g | y^g9estedan indirect 
modeof an mumor action. Mahadevan etal. demonstrat- 
so T, pretreatment of mice with antiserum to TNF-a 

J™ b '°° d ,,0W ,nduced ^ FAA. In the same study, 
FAA was shown to mduce /„ wfrosplenocytes and per^ 

withTMP Ud rl e Ce " S '° Pr ° dUCe and re,ease serial 

« rr av us?n a "TM e p ac,ivity (as de,ermined in a ,unc,i °" a| 

assay using TNF-sensitive WEH1 164 cells). These ob- 
servations suggest that the activity of FAA can be attrib 
uted to its ability «o induce TNF-ain tumor? 
[0008] In spite of the impressive preclinical activity of 
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FAA, clinical trials have been disappointing due to lack 
of potency and dose limiting toxicity. Structure-activity 
studies of analogs of FAA were undertaken to find com- 
pounds with similar biological profiles but with increased 
chnical effectiveness. In the earliest study the topologi- 
cally related mono-substituted fused-ring analog Xan- 
thenone-4-acetic acid (XAA) proved more efficient than 
FAA in eliminating Colon 38 tumors. Subsequently a 
study by the same group showed that some di-substi- 
tuted derivatives of XAA, in particular 5,6-Dimethylxan- 
thenone-4-acetic acid (DMXAA; Fig. 1b), had consider- 
ably greater dose potencies than FAA against implanted 
munne tumors. Like FAA, DMXAA has been shown to 
induce TNF-a along with IFN-y. The TNF-ct is produced 
almost entirely within the tumor by both tumor cells and > 
tumor-infiftrated host cells. Circulating TNF is markedly 
lower than that obtained by injecting therapeutic levels 
of TNF-a or by endogenous induction of TNF-a by LPS 
administration. This results in a selective tumor re- 
sponse with moderate systemic toxicity. DMXAA, in con- a 
trast to FAA, is active in vitro against cultured human 
and murine cells. It has been shown that exogenous 
rHuTNF-a potentiates PDT without a concomitant in- 
crease in either local or systemic toxicity. 
[0009] it is therefore an object of the invention to im- st 
prove effectiveness of photodynamic compounds 
against hyperproliferative tissue including hypoxic tu- 
mor cells, to enhance immune response of the organism 
to undesired hyperproliferative tissue and to provide ef- 
fectiveness even in the absence of exposure to light. 30 

BRIEF SUMMARY OF THE INVENTION 

[0010] In accordance with the invention a novel meth- 
od is provided for treating undesired hyperproliferative 35 
tissue in a mammal. The method includes the steps of 
injecting the mammal with a photodynamic compound 
having a selective uptake in the hyperproliferative tissue 
and which is activated at a particular light frequency in- 
jecting the mammal with a xanthenone-4-acetic acid or 40 
a Group I metal, Group II metal or quaternary salt thereof 
near the time of maximum uptake of the photodynamic 
compound in the hyperproliferative tissue; and exposing 
the hyperproliferative tissue to light at the particular fre- 
quency that activates the photodynamic compound 45 
[0011] The method of the invention causes necrosis 
of the hyperproliferative tissue to an extent greater than 
can be obtained by either the photodynamic compound 
orxanthenone-4-acetic acid alone. Further and surpris- 
ingly the method enhances immune response of the 
mammal to the hyperproliferative tissue even after the 
photodynamic compound and xanthenone-4-acetic acid 
are no longer present in the mammal. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

5 Figure 1A shows the chemical structure of FAA. 

Figure 1 B shows the chemical structure of DMXAA 
Figure 2A is a graph showing dose response of RIF- 
1 tumors to PDT using porfimer sodium (Photof- 
nn®) using 630 nm laser light at varying doses and 
° light energies. 

Figure 2B is a graph showing dose response of RIF 
1 tumors to DMXAA at varying doses. 
Figure 3 is a graph showing response of RIF- 
mors to PDT + DMXAA. 
; Figure 4 is a graph showing response of RIF-1 tu- 
mors to PDT + DMXAA showing a weak immediate 
response followed by a delayed tumor response 
Figure 5 is a graph showing a challenge of C3H 
mice with RIF-1 tumors following tumor regression 
of original tumors treated with a combination of PDT 
and DMXAA resulting in a delayed response. 

DETAILED DESCRIPTION OF THE INVENTION 

[0013] The hyperproliferative tissue subject to treat- 
ment in accordance with the method of the invention is 
any tissue that grows uncontrollably in the mammal 
such as tumors and hyperproliferative blood vessels as 
may be found in AMD. The method is especially suitable 
for both large and small tumors that may be metastatic 
The tumors may me micro tumors or may be hypoxic 
[0014] The method is applicable to essentially any 
mammal since the operation of photodynamic com- 
pound is mammal independent. Further, since thexan- 
thanone-4-acetic acid (XAA) induces tumor necrosis 
factor (TNF) by the same mechanism regardless of the 
mammal involved, the use of XAA is also mammal in- 
dependent. The method is therefore applicable to all 
mammals, especially rodents and primates. 
[0015] The photodynamic compound is usually any 
porphyrin related compound, e.g. porfimer sodium sold 
under the trademark PHOTOFRIN®, and derivatives of 
chlonn and bacteriochlorin as for example described in 
U.S. Patents 4,866,168; 5,002,962; 5 028 621- 
5,093,349, 5,173,504; 5,190,966; s'igeW 
5,225,433; 5,314,905; 5,459,159; 5,498 710-' 
5,591 ,847; 5,864,035 and 6,1 03,751 . The photodynam-' 
ic compound is usually employed in an amount of about 
1 to about 10 mg/kg of body weight of the mammal. 
When the photodynamic compound is porfimer sodium 
the light frequency used is about 630 nm at an enerqv 
of about 1 00 to about 225 J/crn2. 
[0016] The xanthgnone-4-acetic acid is xanthenone- 
4-acetic acid and its substituted derivatives, especially 
dialkylxanthenone-4-acetic acid and preferably 5 6-di- 
alkylxanthenone-4-acetic acid. The dialkylxanthenone 
acetic acid is most commonly dimethylxanthenone ace- 
tic acid (DMXAA) used in a concentration of aboul 1 0 to 
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about 30 mg/kg of body weight of the mammal. It is to 
be understood that the term xanthanone-4-acetic acid 
includes its substituted derivatives, especially its alky) 
substituted derivatives and is intended to include its 
Group I and Group II metal and ammonium and quater- 
nary salts. 

[0017] DMXAA in principle can be successfully com- 
bined with PDT for the following reasons: a) the differing 
systemic toxicities of these two modalities allow for their 
combination, at close to full tolerated doses, with addi- 
tive effects against tumors and less than additive toxic- 
ities to normal tissues, b) published results suggest that 
DMXAA is more effective against hypoxic tumor cells, 
precisely those cells that are most likely to be resistant 
to PDT, and c) the BRM properties of DMXAA in combi- 
nation with PDT can stimulate immunity against the tu- 
mor. Our preliminary data with the syngeneic murine fi- 
brosarcoma RIF-1 suggests that PDT with adjuvant 
DMXAA results in both increased antitumor activity with- 
out concomitant toxicity and immunogenicity againstthe < 
tumor. Optimization of this latter property can result in 
the successful eradication of occult micrometastases. 
[0018] The method of the invention is a method or 
process to locally treat malignant tumors by combining 



jects like human patients. 

[0022] In pilot studies of PDT plus adjuvant DMXAA 
only low doses of each modality were chosen. Figure 3 
shows RIF-1 tumor regrowth using the following condi- 
tions: 2 mg Photofrin/kg. 23 hours, 20 mg DMXAA/kg. 
2 hours, 135 J/cm* 630-nm laser light. Control tumors 
(no drug, no light) are shown as solid black squares; 
DMXAA are shown as open circles; PDT alone as gray 
circles. When PDT and DMXAA were combined (indi- 
vidual tumors are shown as dotted lines) there was a 1 0 
day delay in tumor regrowth. with 1/5 tumors controlled 
past 60 days. 

[0023] Figure 4 shows tumor response using slightly 
different conditions: 2 mg Photofrin/kg, 23 hours, 20 mg 
DMXAA/kg, 1 hour, 135 J/cm* 630-nm laser light. The 
symbols in the graph are the same as for Figure 3. All 
five mice in the combined treatment group had weak im- 
mediate responses, i.e., only a two-day regrowth delay. 
However, 3 of 5 tumors had a delayed response, where 
tumor volumes decreased over two days time from 
-160 mm 3 to zero volume; 1 of 3 tumors undergoing 
this late response regrew after a 4 day delay. This de- 
layed response has been observed using other treat- 
ment conditions where the initial response was consid- 



photodynamic therapy with a substance capable of ?s ered weak (data not shown). Delayed responses are 



modifying a biological response, and is a method or 
process to stimulate tumor immunity resulting in the con- 
trol of primary tumors and occult metastases by com- 
bining photodynamic therapy with a substance capable 
of modifying a biological response. 
[0019] PDT and DMXAA or related biological re- 
sponse modifying compounds are applied using doses 
and intervals between the application of each therapy 
so that a strong, immediate antitumor response is ob- 
tained. 

[0020] PDT and DMXAA or related biological re- 
sponse modifying compounds are applied using doses 
and intervals between the application of each modality 
so that a delayed antitumor response is obtained. The 
delayed response may require a weak and ineffective 
immediate antitumor response. The delayed response 
unexpectedly leads to the immunity of the subject to 
subsequent tumor growth. 

[0021] The drawings illustrate the responses of RIF- 
1 tumors to either PDT (Fig. 2a) or DMXAA (Fig. 2b). 
Dose response data are shown in the form of Kaplan- 
Meier 'survival' plots, where the percent of RIF-1 tumors 
with volumes less than 400 mm are plotted against time 
from treatment. Tumor volumes at the time of treatment 
were 50-70 mg (approximately 3% of the mouse body 
mass). Both PDT and DMXAA, when administered 
alone, can control tumors in a dose-dependent manner. 
However, the most effective doses are at or near the 
treatment toxic limits In this mouse model. It is thought 
that morbidity and mortality following large PDT doses 
are at least in part model specific; i.e., local treatment 
of the tumor results in the illumination of a relatively siz- 
subject vis-a-vis much larger sub- 



e volume of the s 



obtained following strong immediate tumor responses 
to combination therapy, nor have delayed responses 
been seen in any control group. 

[0024] One month after treatment the two mice with 
' controlled tumors (shown at the bottom of Fig. 4) were 
reinjected with a standard tumoring dose of 3 x 1 0 5 RIF- 
1 cells (on the shoulder opposite that of the original treat- 
ed tumor). As seen in Figure 5, after a small amount of 
growth, one tumor regressed to zero volume and has 
remained so for > 1 month; the second tumor had some 
initial growth and remained static for several weeks be- 
fore regrowing. This response is indicative of an ac- 
quired immune response against this tumor line, and as 
such this therapy can be used to control both primary 
tumors and occult micrometastatlc malignancies. 



A method for treating hyperproliferative tissue in a 
mammal which comprises injecting the mammal 
containing a tumor with a photodynamic compound 
having tumor selective uptake which is activated at 
a particular light frequency and exposing the tumor 
to light at the particular light frequency; character- 
ized in that the mammal is injected with a xanthe- 
none-4-acetic acid or group I metal, Group II metal, 
ammonium or quaternary salt thereof, proximate 
the time of maximum tumor uptake of the photody- 
namic compound. 

The method of Claim 1 characterized in that the 

hyperproliferative tissue is a tumor. 
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3. The method of Claim 2 characterized in that the 

photodynamic compound is porfimer sodium inject- 
ed at a dose of about 1 to about 10 mg/kg of body 
weight of the mammal and the light frequency is 630 
nm at an energy of about 1 00 to about 225 J/cm 2 . 5 

4. The method of Claim 3 characterized in that the 

xanthanone-4-acetic acid is 5,6-dialkylxanthanone- 
4-acetic acid. 

5. The method of Claim 3 characterized in that the 
xanthanone-4-acetic acid is 5,6-dimethylxanth- 
anone-4-acetic acid. 

6. The method of Claim 5 characterized in that the « 

5,6-dimethylxanthanone-4-acetic acid is injected at 
a dose of about 5 to about 50 mg/kg of body weight 
of the mammal. 

7. The method of Claim 6 characterized in that the so 

5,6-dimethylxanthanone-4-acetic acid is injected at 
a dose of about 1 0 to about 30 mg/kg of body weight 
of the mammal. 
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Figure 3 
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